Characterization of beer samples is of interest because their compositions affect the taste and stability of beer and, also, consumer health. In this work, the characterizations of 20 Romanian beers were performed by mean of Inductively Coupled Plasma Mass Spectrometry (ICP-MS) and Isotope Ratio Mass Spectrometry (IRMS) in order to trace heavy metals and isotopic content of them. Major, minor, and trace metals are important in beer fermentation since they supply the appropriate environment for yeast growth and influence yeast metabolism. Beside this, the presence of the C 4 plants in the brewing process was followed. Our study has shown that the analyzed beers indicated the presence of different plant types used in brewing: C 3 , C 3 -C 4 mixtures, and also C 4 , depending on producers. Also the trace metal content of each sample is presented and discussed in this study. A comparison of the beers quality manufactured by the same producer but bottled in different type of packaging like glass, dose, or PET was made; our results show that no compositional differences among the same beer type exist.
Introduction
Beer is a product of a yeast alcoholic fermentation of extracts of malted cereals, usually barley malts, with or without a starchy material, and to which hops are added. All natural components used for brewing, including water, cereals, barleys, and yeasts, are the main endogenous sources of metals in beer. For that reason, the mineral composition of beer reflects the composition of ingredients used for brewing and refers to processes involved in a beer production. The characterization of beer samples has received a lot of interest because their composition can affect the taste and stability of beer and consumer health [1] . The assessment of the total composition of beer, including the determination of major, minor, and trace metals, is of particular interest and notice to the brewers and the consumers since, independent of the concentration and type, they might be essential or toxic in the human body and they can also have an influence on the brewing process and the quality of beer in view of the flavor stability or the formation of haze [2] . Information on the total metal content of beer is recognized to be valuable for differentiation and classification of beer [3] [4] [5] . This is because metals are very good descriptors reflecting the composition of natural raw products (water, cereals, hops, and yeasts) used for brewing and indicating processes involved in beer manufacturing, as well as beer storage and ageing.
There is growing interest in the application of ICP-MS to foods analysis, for the purposes of ensuring food safety and ensuring flavor/quality. Inductively coupled plasma mass spectrometry (ICP-MS) is a multielement technique with a wide range of analytical applications, with high selectivity and sensitivity and low analytical limits, so that it is an excellent tool for detailed characterization of elemental composition of beverages. ICP-MS can also be used for identifying cases of food adulteration and confirming origin by trace element "fingerprinting. " Within the last few years, stable isotope analysis has gained increasing importance in authenticity control of food and food ingredients.
The use of stable isotope analysis provides one of the most effective tools to detect food adulteration and is based on measurements of stable isotope contents either on a product or a specific component it the product. In the case of carbon, the carbon isotope ratio in food products is directly related to their botanical origin. Thus, carbon isotope ratios ( 13 C) represent a valuable tool to detect the presence of C 4 plants (corn, cane sugar, etc.) in the brewing process due to 2 Journal of Chemistry the isotopic differences that appear between the two plants categories: C 3 (barely, rice, etc.) and C 4 plants (corn, cane sugar, etc.).
The application of multivariate statistical techniques such as analysis of variance (ANOVA) and cluster analysis (CA) offers the possibility to understand the large amount of data generated by analytical techniques based on the overall properties of the samples and to perform a classification without the need for additional compositional chemical data [6] . ANOVA analysis (comparison between groups) is a statistical method which is used for revealing the differences between two or more means from distinct groups. Cluster analysis is an unsupervised pattern recognition that is trying to determine relationships between objects (samples) without using any prior information about these relationships [7] .
Materials and Methods
The samples were purchased from local markets and represent the most well-known beer commercialized on Romanian market. Twenty different blonde, dark beer samples bottled in various forms as glass bottles, dose, or PET were used in this study in order to evaluate market available beers quality. All of them contained alcohol between ranges of 4.5-7% reported to the whole beer volume. 
Inductively Coupled Plasma Mass

Sample Preparation.
As an analytical sample, beer is a very complex matrix with a relatively high content of different organic compounds originated from brewery processing and saturated with carbon dioxide. In order to eliminate errors caused by carbon dioxide bubbles, beer samples were firstly degasified by stirring 20 mL of each sample in normal conditions for 20 minutes. Beer samples were then filtered by passing a beer portion through a 0.45 m pore size membrane filter and for complete degasification process was repeated three times.
To avoid the clogging of the nebulizer, samples were prepared by simple 20-fold dilution and acidification. In this survey, following a method described by Diegor et al. [8] for wines, 2.5 mL of ultrapure nitric acid was added to 2.5 mL of beer sample in a Teflon receptacle, tightly closed. Six such receptacles were inserted in a device made of six stainless steel cylinders mounted between two flanges to confer pressure resistance. The whole system was put in an oven at 200 ∘ C for 12 hours. A colorless solution resulted and ultrapure water was added up to 50 mL. Thus the beer sample was diluted 1 : 20.
ICP-MS Determination.
A primary analysis was performed using semiquantitative method available with PerkinElmer ICP-MS instrumentation. The analytical method was "Total Quant"; this is a software feature unique to the Elan ICP-MS systems for quantifying 81 elements with accuracy errors lower than 20% for most elements, in a sample by interpretation of the complete mass spectrum.
The operating conditions are listed below: nebulizer gas flow rates: 0.95 L⋅min −1 ; auxiliary gas flow: 1. To ensure that the results obtained for the analyses were accurate, recovery tests were carried out for a beer sample spiked with a 2 g⋅L −1 standard solution. Recovery of each analyte was calculated in relation to added element concentration (2 g⋅L −1 ) for three replicates of this level of concentration ( = 3). The % of recovery for all elements was within the interval of 75-108%.
Isotopic Ratio Mass Spectrometry (IRMS).
The procedure of IRMS consists in measuring the isotope ratio of an analyte converted into a simple gas, isotopically representative of the original sample, before entering the ion source of an IRMS. The values were expressed in ‰ against international standards-Vienna Standard Mean Ocean Water for 18 O and 2 H and Vienna Pee Dee Belemnite for 13 C. The isotopic values were expressed using the formula
where is the ratio between the heavy and the light isotopes and sample is the isotopic ratio of the sample, while standard is that of the reference material. For oxygen-18 determination 5 mL of beer (neither centrifuged nor filtered) was equilibrated with CO 2 for 15 hours according to the CEN:ENV 13141:1997 method at 25 ± 0.1 ∘ C. The carbon dioxide was then extracted and purified. The 18 O isotopic content of the water samples was then analyzed using a stable isotope ratio mass spectrometer IRMS (Delta V Advantage, Thermo Scientific). The isotopic values were calibrated against laboratory-used standards (working standard 1, with 18 O = −11.54 ± 0.1‰; working standard 2, with 18 O = −7.14 ± 0.1‰; and working standard 3, with
The measurements of 13 C from dried beer were carried out on an elemental analyser (Flash EA1112 HT, Thermo Scientific), coupled with an isotope ratio mass-spectrometer IRMS (Delta V Advantage, Thermo Scientific). For the quality control of our analysis, three working standards were analyzed at the beginning of each sequence; then three replicas from each sample were measured. NBS-22 oil with a certified value of −30.03‰ versus PDB (Pee Dee Belemnite) was used as standard. The limit of uncertainty was ±0.2‰ for determination of both 13 C and 18 O. The one-way ANOVA analysis was applied on data obtained from ICP-MS measurements, meaning Na, Mg, Ca, K, P, and Al concentrations. This analysis was performed in order to reveal if the means of the selected groups (PET, dose, and glass) were statistically different. Thus, as independent variable, type of packed material was chosen and mineral content was selected as dependent variable. Cluster analysis was performed for grouping the variables instead of cases. In our work, the cases were represented by each beer sample, from different producers, in different packed materials.
Results and Discussion
Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
Analysis. The determination of the total metal composition of beer, including major, minor, and trace metals, is of particular interest to brewers and consumers. Depending on the concentration and type, metals may be essential or toxic to the human body and can also affect the brewing process and beer quality in view of flavor stability and haze formation. Table 1 presents the concentration of major metals in studied beers. The results given in Table 1 are the average concentration of three replicates analyses. The relative standard deviation (RSD%) is given below the mean values.
Major Elements.
The concentrations of K, Na, Ca, and Mg were in the range of 29.87-197 , there are some differences in terms of K, Ca, and P, but insignificant. The essential elements for all beer samples follow a descending order as K > P > Mg > Na > Ca.
Minor and Trace Elements.
Metals found in investigated beers may originate also from many other adjunctive substances added during the brewing processes in order to control the fermentation and the maturation processes that might take place in beer. Another exogenous source of metals in beer can be the contamination from different components of the brewery equipment, for example, pipes, fluid lines, vessels, and tanks in which beer is fermented, conditioned, filtrated, carbonated, and packed, as well as the containers, for example, kegs, casks, and cans, in which the product of the final quality achieved is kept during storage and transport. Metal concentrations found in the investigated beers are given in Table 2 . The results given in Table 2 are the average concentration of three replicates analyses.
Lead and cadmium are among the most abundant heavy metals and are particularly toxic [10, 11] . The source of lead in beer and in other alcoholic beverages could be the contamination of raw material and/or technological processes. Arsenic is present in food and beverages because of its wide distribution in the environment from the sources being either natural or anthropogenic. Uncontrolled intake of As into the organism could be potentially toxic, and although the European Union Council [12] and the World Health Organization [13] established the permissible level 10 g⋅L
only for As in drinking water, the legislation concerning As contents in different kinds of foods and beverages including beer as a widely consumed beverage exists in some countries. Spain fixed at 100 g⋅L −1 as the ). In our study, as well as in previously reported results, the lead and cadmium were present in low concentrations (Table 3) . Some authors reported Pb content varying from 13 to 52 g⋅L −1 in Brazilian beer samples [1] [16] reported that the average content of Pb in beers from the Italian market was 1.83 g⋅L −1 ; Iwegbue [17] reported Pb levels varying from <0.001 to 0.047 g⋅mL −1 in canned beers in Nigeria. A more complete survey was administered by Sherlock et al. [18] [19] . The upper limits for As, Cd, Pb, Zn, and Cu are 0.1, 0.05, 0.3, 1.0, and 1.0 mg⋅L −1 , respectively. The levels of the toxic metals, As, Cd, and Pb, were very low, being much smaller than or just about 15 g⋅L −1 in all samples, much below the maximum allowable concentrations of these metals concentration.
Investigations to date concerning Mn have been focused on its importance as a yeast nutrient [20] . The content of this metal in beer is mainly influenced by the cereal raw materials and, during the brewing process, no significant changes have been reported [21, 22] . The results for manganese were between 0.004 and 0.231 mg⋅L −1 . Chromium (Cr) is a trace element, which has generated increased interest in recent years due to its essential character [23] . The results for chromium were between 0.020 and 0.441 mg⋅L −1 . Nickel (Ni) is an essential element; it plays some important role in biological systems [24] . The results for Ni were between <1 × 10 −6 and 0.187 mg⋅L −1 .
Copper comes from the raw materials and metal ions can also be introduced from substances added during brewing, such as hops, acids, bases, silica gel, other additives or stabilizers, and dilution water [25, 26] [5, 9, 28, 29] . The highest mean levels of cooper were observed for the beers manufactured Zinc constitutes about 33 mg⋅kg −1 of an adult body mass and it is essential as a constituent of many enzymes involved in several physiological functions, such as protein synthesis and energy metabolism [30] . The results for zinc were between <1 × 10 −6 and 0.704 mg⋅L −1 . Our data for the studied beers are below the maximum allowable concentrations of Zn and Cu from Romanian legislation [19] .
It is interesting that, among the same beer type manufactured by a certain producer, there are high differences for Zn concentrations, for example, the beers manufactured by producer 2 Our results are also compared with allowable limits for drinking water [13] . Typical regulated elements and allowable limits for Ba, Pb, Cd, Cu, Zn, Mn, Al, As, Ni, and Cr are 0.7 mg⋅L and 0.05 mg⋅L −1 , respectively. For Al, Ni, and Pb, the concentration of ten samples and one sample, respectively, is above the limit for drinking water.
Beer is a widely consumed food product (very often packed in dose) and the measurement of the aluminium content in beer is of interest, and taking into account the above-mentioned concern regarding the possible association of an excessive aluminium intake with some disorders, it is of interest to measure the aluminium content in beer. It has been shown that levels range from 5 to 10 mg⋅L −1 of dissolved aluminium in soft drinks or even higher in canned beers without affecting flavor, colour, or clarity. Aluminium in beer originates, mainly, from brewing raw materials (water, hops, malt, yeast, and adjuncts) [31, 32] . The presence of aluminium was detected in analyzed beers, even though results varied widely (0.064-2.617 mg⋅L −1 ).
In addition to the endogenous metal ion contact of foodstuffs, numerous steps during processing and packaging may add to the metal ion load. Another important factor to bear in mind is the packaging of beer [33] . Levels >1.0 mg⋅L −1 can be reached in foodstuffs due to possible transfer of aluminium from containers placed in an acid medium (optimum pH 3.8), although it was demonstrated that the use of varnished containers reduces this possibility [34] . It has been demonstrated by some researchers that the content of aluminium in canned beers is slightly higher than in bottled beers. In addition, the content of aluminium in doses beers increases during the period of storage [35] . The analytical results showed that the beers stored at room temperature contained more Al fact that it is one of the drinks with major content of this element and in addition its availability is high.
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Silicon is an important essential trace element; the recommended daily intake is about 10-25 mg⋅L −1 . The concentration of silicon in beer depends primarily on two factors. First, the silicon content of beer rises with the original wort concentration, and second, during decoction mashing, silicon is leached much more than in the case of infusion mashing [36] . The silicon concentrations in our study are varying between 11.30 and 20.02 mg⋅L −1 . According to different researches, it has been suggested that silicon may interfere in the toxic-kinetic of aluminium. Silicon has a unique ability to bind the aluminum body and eliminate this harmful mineral in the body. Some studies on aluminium determinations point out that higher doses of silicon (up to 118 mg⋅L −1 ) also administered in drinking water were shown to effectively prevent aluminium gastrointestinal absorption [37] . Since in our study the concentration of free aluminium ranges from 0.064 to 2.617 mg⋅L −1 (and the concentration of silicon in beer ranges from 11.30 to 20.02 mg⋅L −1 ) it would be sequestered by the silicon preventing any plausible absorption in the intestinal tract.
In the present study, comparisons were made between the aluminium concentrations of beers analyzed from doses and those from glass bottles to investigate whether the storage medium has influence on the chemical composition of beers. 
Isotopic Ratio Mass Spectrometry (IRMS).
Beers contain mainly four ingredients: water, malted barley, hops, and yeast. Beside these, beers might incorporate other minor ingredients like spices, natural flavors, or additional sugars or starch to increase the alcohol content of the final product. Malted barley extract contains primarily maltose [38] and maltotriose [39] , and generally less fermentable forms of sugar, while some sugars as corn sugar are not only less expensive but also mostly sucrose, which is easily metabolized by the yeast. The addition of corn sugar to beer would lead to a decrease of brewing time and also would increase the alcohol content with a minimum content of ingredients [40] . The stable carbon isotope ratio has been widely used to trace the presence of sugar/alcohol obtained from C 4 plants in beverages that are traditionally made from C 3 plants because 13 C value of organic carbon reflects the photosynthetic pathway. This detection is based on the fact that the stable carbon isotope ratios (expressed as 13 C) of C 3 and C 4 plants are different, with ranges from −11‰ to −14‰ for C 4 plants and those of C 3 plants varying between −24‰ and −32‰ [41] [42] [43] . In the C 3 plants category included most of the grains, including barley, while the C 4 plants category contain the plants which produce the most inexpensive sugars available on the market, being commonly used as additives to certain alcoholic beverages like maize, sorghum, and sugar cane [44, 45] .
In beers, water is the main constituent, so in this case the principles of isotope hydrology could be applied [46] . The isotopic signature of hydrogen and oxygen ( 2 H and 18 O) in water could vary due to isotope fractionation processes occurring during the water cycle. For the annual variation of isotopic ratios of hydrogen and oxygen ( 2 H and 18 O) of water from a specific location, leading to a maximum in summer and a minimum in winter, the temperature effect is responsible for. The isotope ratio of precipitation varies temporally and spatially, resulting in typical regional precipitation isotope signature.
In Table 3 the isotopic values ( 13 C and 18 O) of investigated beers are presented. The oxygen isotopic ratios 18 O are varying between −8.8 and −11.6‰, reflecting the isotopic differences that appear both among the water sources available to each producer and different time periods in which the beer was manufactured. In our studied beer samples the 13 C values ranged between −16.2 and −27‰; these results suggest the presence, in some samples, of different quantities of C 4 plants in brewing process. In their work, Brooks et al. [40] found for European beer an average 13 C value of −25.6 ± 1.5‰, whereas all the German beers had a 13 C value more negative than −25.5‰, indicating only C 3 carbon in these samples. In their calculation of the ratio of C 3 -C 4 carbon, they assume that a beer containing only C 3 carbon source will have a 13 19 , suggesting a mixture of C 3 and C 4 sources. In contrast, the beer manufactured by producers 3, 6, 8, 9 , and 12 had 13 C value more negative than −25.6‰, indicating that only C 3 plants were used in the brewing processes.
For beers manufactured by producers 3 and 6 which are bottled in dose or in glass, the isotopic differences which appear between the same beer types are in the range of experimental errors, suggesting that the beers were produced in the same period of time and the used row materials were the same. Also, for the beers manufactured by producers 8 and 12, there are not notable differences in terms of 13 C values among the same beer type but bottled in different packages; meanwhile there are some notable differences in terms of 18 O. This means that that during the brewing process the used row materials were the same, but most probably the beers were produced in different time periods and from here the notable differences in 18 O value.
From all these observations it can be concluded that, among the same beer type manufactured by a certain producer, but packed in glass, dose, or PET, there are no differences in terms of the raw materials that are used in the brewing process. 
Statistical Analysis.
After running ANOVA analysis on data sets, it could be distinguished which element differed from one pack material to another. Three mineral elements, namely, Mg ( = 0.057), K ( = 0.029), and P ( = 0.016), had the value under 0.05 and could statistically differentiate between the three types of packed material. By conducting the post hoc test, namely, Tukey's test, the elements which differed from one packed materials to another were revealed. Thus, PET differed from glass through the Mg and K content ( value for Mg is 0.057-even though it was a bit higher than 0.05 we took it into consideration-and for K was 0.029, resp.). Glass from dose material differed only through the P content ( value was 0.016). Unexpectedly, Al could not make a statistically significant difference between dose, PET, and glass. One reason for this result could be that aluminium, when used as a component of beverages packaging (dose), is in most cases covered by a polymeric film (surface coating or laminated plastic film) and the level of migration is extremely low [49] . The most common classifying method is hierarchical cluster analysis. In this study the clustering method was the linkage between groups, with square Euclidian distance as an interval measure. All individual samples were grouped into three major clusters (Figure 1 ). The first cluster comprises 14 samples and the second one 5 samples and the last cluster is made of only one distinctive sample (W 9 Prod7 dose).
In order to find out the differences between the three clusters, ANOVA was run again, this time having as independent variable the resulted cluster variable, obtained from previous analysis. From the six elements used in statistical interpretation, only Al has made a distinction between the three clusters. Thus, cluster 3, made from a single sample, had the highest Al content, cluster two had an average Al content of 1049.24, and the last one had an average of Al content of 206.384. In conclusion, when comparing groups of samples made according to the packaging, but when a general classification was tried, this was done according to the aluminum concentration in each sample.
Conclusions
The purpose of this study was the determination of heavy metal content in 20 different beers from Romanian markets, using inductively coupled plasma mass spectrometry (ICP-MS). Overall, the study shows that the levels of the fourteen heavy metals studied are generally within safe limits and compare well with levels in similar foods from other parts of the world. The determination of beer by ICP-MS requires a system with good sensitivity as many of the elements are at trace concentrations. Unexpectedly, when ANOVA test compared means from groups realized according to the packaging materials (three groups, dose, PET, and glass), no statistically significant differences were observed in terms of Al. Three mineral elements, namely, Mg, K, and P, had the value under 0.05 and could statistically differentiate between the three types of packed material. Cluster analysis successfully classified all beer samples into three clusters, having small, moderate, and high aluminium content.
From the stable isotope analysis it can be concluded that there are no ingredient differences among the same beer type stored in glass, dose, or PET, manufactured by the same producer. Thus, 13 C values of the beers produced by the same company are quite similar, while 18 O presents isotopic variations due to the different seasons in which the beers were made, variations that naturally appear during the hydrological cycle. Our study has shown that the analyzed beers indicated the presence of different plant types: C 3 , C 3 -C 4 mixtures, and also C 4 , depending on producers. The Journal of Chemistry 9 highest content of ethanol produced from C 4 plants was detected in W 6 beer.
